To develop a functional cDNA chip, specific genes expressed in the tissues of swine Kagoshima Berkshire were screened. A total of 4,434 ESTs were obtained by constructing a cDNA library from total RNA isolated from the muscle and fat tissues, affirming their functions by investigating similarity of nucleotide sequences with the database at the NCBI. Among them, 1,230 ESTs were confirmed as novel genes, which, to date, have not been identified. Attaching the genes to a cDNA microarray slide revealed expression patterns of genes in muscle and fat according to the growth stages of swine. As specific genes expressed in the muscle tissues of swine with body weight of 30 kg, 60 genes including actin, myosin, tropomysin, transfer RNA-trp synthetase, Kel-like protein 23, KIAA0182 and COI, Foocen-m, etc were obtained. In addition, 18 novel genes were obtained. As specific genes expressed in fat tissues of swine with body weight of 30 kg, 47 genes including annexin II, Collagen, Fibronectin, Pleckstrin homology domain, serine protease, etc were obtained. 21 novel genes were also obtained. The genes specifically expressed in the muscle and fat tissues of swine affect contraction and relaxation of the muscle and the fat. However, studies on the expression mechanisms of the genes are insufficient. To reveal species of structural genes in swine muscle and fat tissue, interrelation studies in expression and function of genes by using the cDNA chip should be conducted. 
INTRODUCTION
The Berkshire breed has proven unfavorable in the swine-raising industry, because it has thick back fat and a low ratio of feed efficiency, growth rate, and production rate. However, Berkshire consumption has recently increased due to its harder fat tissues, white fat, excellent texture, and abundant meat sap. Nevertheless, to date, very few genetic studies on meat quality or assays of genes associated with the meat quality of Berkshires have been carried out. In particular, the genetic traits associated with meat quality of Berkshires have not yet been studied sufficiently by reason of their complexity.
The major genes affecting swine meat quality that have been identified thus far are ryanodine receptor gene (Smith and Bampton, 1977; Webb, 1981; Fujii et al., 1991) and acid meat gene (Le Roy et al., 1990) . Chromosome regions associated with meat quality by quantitative trait loci (QTL) analysis and various candidate genes have also been reported. Swine leucocytes antigen (SLA) complex exists on chromosome 7 (Geffrotin et al., 1984) and microsatellite markers S0064, S0066, S0102 or TNF, located on chromosome 7, which are associated with back fat thickness, sirloin cross-section, meat quality traits, and boar taint (Jung et al., 1989; Bidanel et al., 1996) , respectively, have been described. It has also been revealed that QTL associated with back fat thickness and abdominal fat content exists in the location of microsatellite markers S0001-S0175 (Andersson et al., 1994) . The pituitaryspecific transcription gene (PIT1), known as a regulator factor for hormones, was reported to be associated with back fat thickness (Yu et al., 1995) . Intramuscular fat content (IMF) largely affects tenderness, juiciness, and the taste of pork. Heart-fatty acid binding protein (H-FABP) gene affecting IMF (Gerbens et al., 1997) and the relationship between IMF and microsatellite SW1823-S0003 (74-79 cM) region existing on chromosome 6 has been investigated (Grindflek et al., 2001) .
As locations of several QTLs mainly affecting meat quality traits were found on chromosomes 4, 6, and 7 (Clamp et al., 1992; Andersson et al., 1994; Renard et al., 1996; Rohrer and Keele 1998; de Koning et al., 1999; Gerbens et al., 2000; Ovilo et al., 2000) , a large number of studies on development of markers related to meat quality, which are centered on these chromosomes, are in progress.
For the last several years, great efforts have been made to develop a genetic map containing unknown gene markers and well-known genes in connection with meat quality traits. Traditional methods of analyzing gene expression differences are not suitable for simultaneous analysis of gene expression. Upon this background, cDNA microarray has emerged as a new and strong means to study gene expression in various living entities. cDNA microarray technology has been applied to simultaneous expression of numerous genes and discovery of genes in a large scale, as well as genetic polymorphism screening and mapping of chromosomal DNA clones.
In this study, we generate a functional cDNA chip composed of only specific genes by searching expression profiles of genes specifically expressed in the muscle and fat tissues of Kagoshima Berkshire using cDNA microarray technology. We further attempt to apply the cDNA chip in establishing high quality seed-swine and evaluating meat quality according to varieties of swine and tissues of pork.
MATERIALS AND METHODS

Breeds and tissues
Total RNA for array fabrication was extracted from the muscle and fat tissues of the longissimus dorsi of Kagoshima Berkshire from the Sung Chook farm with body weights of 30 kg and 90 kg, respectively.
For preparation of target DNA to screen the muscle specific genes expressed in the muscle and fat tissues of swine, tissue samples were collected from the longissimus dorsi area of Kagoshima Berkshires with body weights of 30 kg and 90 kg, respectively. The muscle and fat tissues were cut into 5-8 mm length, frozen with liquid nitrogen, and stored at -70°C.
Array fabrication
A probe DNA comprised of cDNA amplified by PCR was prepared and attached to a slide glass. Total RNA was extracted using a RNA extraction kit (Qiagen, Germany) according to the manual and mRNA was extracted using an oligo (dT) column. The extracted mRNA sample was subjected to RT-PCR using SP6, T3 forward primer, and T7 reverse primer (Amersham Pharmacia Biotech, England) to synthesize cDNA. The total volume of each PCR reactant was 100 µl. 100 pM of forward primer and reverse primer were each transferred to a 96-well PCR plate (Genetics, England). Each well contained 2.5 mM dNTP, 10×PCR buffer, 25 mM MgCl 2 , 0.2 µg of DNA template, and 2.5 units of Taq polymerase. PCR was performed in a GeneAmp PCR system 5700 (AB Applied BioSystem, Canada) under the following conditions: total 30 cycles of 30 seconds at 94°C, 45 seconds at 58°C, 1 minute at 72°C. The size of the amplified DNA was identified by agarose gel electrophoresis. The PCR product was precipitated with ethanol in a 96-well plate, dried, and stored at -20°C.
A total of 4,434 cDNAs (ESTs), prepared as described above, were cloned to analyze the nucleotide sequences of the genes, and their genetic information was identified from the database at NCBI. The genes having information were isolated and purified by PCR. The genetic locus and map for the total 4,434 cDNAs (ESTs) were constructed. The total 4,434 cDNAs (ESTs) and 90 yeast controls were arrayed in an area of 1.7 cm 2 . The probe DNA was then spotted on a slide glass for analysis under a microscope (produced by Corning), and coated with CMT-GAPSTM aminosilane using Microgrid II (Biorobotics). The pin apparatus was approached to a well in a microplate to inject the solution into the slide glass (1 to 2 nL). After printing of the probe DNA, the slide was dried. The spotted DNA and the slide were then UV cross-linked at 90 mJ using a Stratalinker TM (Stratagene, USA), washed twice with 0.2% SDS at room temperature for 2 minutes, and washed once with third distilled water at room temperature for 2 minutes. After washing, the slide was dipped in a water tank at 95°C for 2 minutes and then blocked for 15 minutes by adding a blocking solution (a mixture of 1.0 g NaBH 4 dissolved in 300 mL of pH 7.4 phosphate buffer and 100 mL of anhydrous ethanol). The slide was subsequently washed three times with 0.2% SDS at room temperature for 1 minute and once with third distilled water at room temperature for 2 minutes and dried in air. Printed slides were stored in a light-tight box in a bench-top desiccator at room temperature until used for hybridization (Cheung et al., 1999) .
Target DNA preparation and hybridization
Total RNAs were isolated from 0.2 to 1.0 g of the experimental group and the control group according to the manual of the Trizol TM kit (Life Technologies, Inc.) to prepare the target DNA. Trizol TM was added to the tissue in an amount of 1 mL of Trizol TM per 50 to 100 mg of tissue and disrupted using a glass-Teflon or Polytron homogenizer. The disrupted granules were centrifuged at 4°C at a speed of 12,000 g for 10 minutes and 1 mL of the supernatant was aliquoted. 200 µl of chloroform was added to each aliquot, which was then voltexed for 15 seconds, placed on ice for 15 minutes and centrifuged at 4°C at a speed of 12,000 g for 10 minutes. Chloroform of the same amount was again added thereto, voltexed for 15 seconds, placed on ice for 15 minutes, and centrifuged at 4°C at a speed of 12,000 g for 10 minutes. The supernatant was then transferred to a new tube. 500 µl of isopropanol was added to the tube, voltexed, and placed on ice for 15 minutes, centrifuged at 4°C at a speed of 12,000 g for 5 minutes. The supernatant was removed, mixed with 1 mL of 75% cold ethanol, and centrifuged at 4°C at a speed of 12,000 g for 5 minutes. The supernatant was removed, freeze-dried on a clean bench for 30 minutes, and placed in 20 µl of RNase-free water or DEPC water to dissolve RNA. The total DNA concentration was set to 40 µg/17 µl for electrophoresis.
The target DNA was prepared according to the standard first-strand cDNA synthesis. Briefly, according to the method described by Schuler (1996) , 40 µg of total RNA and oligo dT-18mer primer (Invitrogen Life Technologies) were mixed, heated at 65°C for 10 minutes, and cooled at 4°C for 5 minutes. Then, 1 µl of a mixture of 25 mM dATP, dGTP and dTTP, 1 µl of 1 mM dCTP (Promega) and 2 µl of 1 mM cyanine 3-dCTP or 2 µl of 1 mM cyanine 5-dCTP, 20 units of RNase inhibitor (Invitrogen Life Technology), 100 units of M-MLV RTase, and 2 µl of 10×first strand buffer were added thereto. The reaction mixture was incubated at 38°C for 2 h and the non-bound nucleotides were removed by ethanol precipitation. Here, DEPC treated sterile water was used.
The slide, prepared as above, was pre-hybridized with a hybridization solution (5×SSC, 0.2% SDS, 1 mg/mL herring sperm DNA) at 65°C for 1 h. The target DNA labeled with cyanine 3 (Cy-3) and cyanine 5 (Cy-5) was resuspended in 20 µl of the hybridization solution at 95°C and denatured for 2 minutes. Then, the slide was hybridized with the solution at 65°C overnight. The hybridization was performed in a humidity chamber covered with a cover glass (Grace Bio-Lab).
After hybridization, the slide was washed 4 times with 2×SSC, 0.1% SDS at room temperature for 5 minutes while vigorously stirred in a dancing shaker. Then the slide was washed twice with 0.2×SSC for 5 minutes and 0.1×SSC for 5 minutes at room temperature.
The slid was scanned on a Scanarray 5,000 (GSI Lumonics Version 3.1) with a pixel size of 50 µm. The target DNA labeled by cyanine 3-dCTP was scanned at 565 nm and the target DNA labeled by cyanine 5-dCTP was scanned at 670 nm. Linear scanning of cyanine 3-dCTPand cyanine 5-dCTP-labeled spots standardized two fluorescence intensities. The slide was again scanned on a Scanarray 4,000XL with a pixel size of 10 µm. The resulting TIFF image files were analyzed on Quantarray software version 2.1 and the background was automatically subtracted. The intensity of each spot was put into Microsoft Excel from Quantarray.
RESULTS
Classification according to function of the selected ESTs
The annotation of each EST was confirmed indirectly by tests on similarity of amino acid sequences (Blastx), nucleotide sequences (Blastn), and EST (dbEST). In the case of swine, the number of gene resources accessible in GeneBank as of November 1, 2003 was 103,321, which is smaller than that of other living organisms. Therefore, the total 4,434 EST clones obtained in this study will be an important reference. The 4,434 ESTs were analyzed according to gene function by GeneBank data and performed clustering. On the basis of the searching results in GeneBank, the genes were classified according to protein diversities. The number of unique EST was 1,230 excluding overlapped genes (Table 1) . Genes having no similarity with known genes or ESTs were obtained and 1,420 genes without matches, which were discovered newly in swine, will be used as a basic reference to apply for a patent for genes or production on a commercial scale. Table 1 provides classification of the obtained ESTs according to gene function. As shown here, genes related to gene/protein expression and genes related to cell structure and mobility, which are expressed highly for formation of muscle and fat, are widely distributed.
As shown in Table 1 , the number of no match genes is 1,230, 27.7% of the whole, and the number of genes related to gene/protein expression is 1,358, 30.6% of the whole. The number of cell structure and mobility-related genes, which affect formation and quality of muscle, is 792, 17.9%. Also, occurrence number according to organisms of the 4,434 ESTs genes was confirmed (Table 2) . Among the 4,434 ESTs, the number of ESTs similar to human genes was 1,598, 36% of the whole. And the number of ESTs similar to the swine gene was 384, 8.7% of the whole. However, studies on swine genes are insufficient compared with studies on human genes, particularly following completion of the human genome project. As such, more genetic studies may be performed in the future to develop new drugs for human genetic disease treatment or new improved varieties using swine. Table 2 presents classification of the ESTs, which were obtained from the muscle and fat tissues of Kagoshima Berkshire, according to species. As shown in Table 2 , many ESTs have homology with human genes; however, only 8.7% and 3.6% of the ESTs have homology with previously characterized swine genes and uncharacterized swine genes, respectively. This suggests that analysis of swine genes is not yet sufficient.
Patterns of gene expression between muscle and fat tissues of early growth stage of swine with body weight of 90 kg
To discover major genes and mechanisms in the formation of muscle and fat in swine, patterns of gene expression between muscle and fat in the early growth stage of swine with body weight 30 kg were investigated using cDNA microarray (Figure 1) . The genes were very well hybridized in cDNA microarray and genes specifically expressed in the muscle and fat tissues were widely distributed. Collagen, known to affect the formation of muscle, and elongation factor, known to affect muscle growth, were expressed very highly in the muscle tissue (Table 3) . Genes used as an energy source in the formation or growth of muscle, such as calpain, troponin C, and sugarrelated genes, were expressed highly in the fat tissues. In particular, troponin C was expressed little in the muscle tissue, but very highly in fat tissue.
DISCUSSION
In this study, we found that formation of muscle and fat of swine greatly affects the growth as well as taste of pork. Obtaining related genes can help the swine-raising industry economically by controlling the growth of swine via genes that enhance muscle and fat formation in a short period. Further, it will help studies on formation of muscle in the human body by revealing related mechanisms between muscle and fat. Differences in gene expression patterns of muscle and fat in the early growth stage of swine with body weight of 30 kg were investigated using a cDNA chip of swine in order to examine genes specifically expressed in swine muscles and fat (Table 3) . The cDNA microarray constructed in this study makes it easy to discover patterns of gene expression in the muscle, fat, and breed tissues of swine. Using the cDNA microarray, candidate genes (Table 3 ) acting in the muscle and fat tissues of swine with a body weight of 30 kg can also be profiled. This will be used to identify many more genes affecting the growth of muscles and fat as well as mechanisms between them. Considering the patterns of gene expression in muscle tissue, genes related to formation and growth of muscle were expressed more highly than meat quality-related genes in the early growth stage of swine. Therefore, developing feed to make muscles grow rapidly or breeding seed-swine with the trait of rapid muscle growth using these genes would make it possible to create an economical advantage in the swine-raising industry and breed swine with excellent competitive power by changing the ratio of swine rotation from a 2.5 cycle to 3 cycle. Genetic diseases with the trait of slow growth, such as short stature, may also be treated more easily with genetic drugs by discovering the growth mechanism in swine muscle and applying it to humans.
Genes used as energy sources in the formation or growth of muscles such as calpain, troponin C, and sugarrelated genes were expressed mainly in the fat tissues of the early growth stage of swine. In particular, troponin C was little expressed in the muscle tissue, but highly expressed in fat tissue. This suggests that genes highly expressed in fat tissues act as a temporary bridge to help the formation or growth of muscle, and thus the relation between the growth of muscle and growth of fat is symbiotic. That is, first the genes to support genes affecting the development of muscles are expressed from fat tissues, and then, formation or growth of muscles occurs using the same, and finally, growth of fat occurs.
We are presently carrying out function analyses of the obtained genes to determine the mechanisms connected to muscle and fat in the early stage of growth. The benefit of finding the mechanisms is that they can be applied to the development of new seed-swine. Also, the cDNA chip prepared in this study can provide a foundation for the comparison of gene expression according to varieties and tissues of swine, gene mutation screening, genetic polymorphism interpretation, and the development of new drugs for disease treatment and disease diagnosis.
